The paper presents some results concerning analysis and simulation of steady-state and dynamic behaviour of a tubular chemical reactor. This analysis represents a necessary condition for the reactor control design purposes. The mathematical models used in simulations together with simulation results are contained.
INTRODUCTION
Tubular chemical reactor are units frequently used in chemical and biochemical industry. From the system theory point of view, tubular chemical reactors belong to a class of nonlinear distributed parameter systems. Their mathematical models are described by sets of nonlinear partial differential equations (PDR). The methods of modelling and simulation of such processes are described eg. in (Luyben 1989; Ingham et al. 1994; Severance 2001; Babu 2004) . Relations between process behaviour and their control methods can be found in (Seborg et al. 1989; Ogunnaike and Ray 1994; Marlin 1995; Corriou 2004) . It is well known that the control of chemical reactors, and, tubular reactors especially, often represents very complex problem. The control problems are due to the process nonlinearity, its distributed nature, and high sensitivity of the state and output variables to input changes. In addition, the dynamic characteristics may exhibit a varying sign of the gain in various operating points, the time delay as well as non-minimum phase behaviour. Evidently, the process with such properties is hardly controllable by conventional control methods, and, its effective control requires application some of advanced methods (e. g. Adaptive Control, Predictive Control, Robust Control or any others). However, at all events, a previous analysis of the process behaviour is obligatory. The paper presents all mathematical models used for simulations of both steady-state and dynamic charakteristics of the tubular chemical reactor together with results of some simulations. The combinations of observed variables are chosen in accordance with purposes of prospective control design.
MODEL OF THE PLANT
An ideal plug-flow tubular chemical reactor with a simple exothermic consecutive reaction
the liquid phase and with the countercurrent cooling is considered as shown in Fig. 1 . Heat losses and heat conduction along the metal walls of tubes are assumed to be negligible, but dynamics of the metal walls of tubes are significant. All densities, heat capacities, and heat transfer coefficients are assumed to be constant. Under above assumptions, the reactor model can be described by five PDRs in the form 
with initial conditions ) 
Here 
where k 0 are pre-exponential factors, E are activation energies, ( -ΔH r ) are in the negative considered reaction entalpies, and R is the gas constant. The fluid velocities are calculated via the reactant and coolant flow rates as
The parameter values with correspondent units used for simulations are given in Table 1 . 
From the system engineering point of view, 
can be under some assumptions considered.
COMPUTATION MODELS
For computation of both steady-state and dynamic characteristics, the finite diferences method is employed. The procedure is based on substitution of the space interval 0, z L ∈< > by a set of discrete node points { } i z for i = 1, … , n ,and, subsequently, by approximation of derivatives with respect to the space variable in each node point by finite differences. Two types of finite differences are applied, either the backward finite difference
or the forward finite difference
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Here, a function ( , ) y z t is continuously differentiable in 0, L < > , and, h L n = is the diskretization step.
Dynamic Model
Applying the substitutions (10), (11) in (1) - (5) and, omitting the argument t in parenthesis, PDRs (1) - (5) are approximated by a set of ODRs in the form 
The boundary conditions enter into Eqs. (12) - (14) and (16) 
for i = 1, … , n. The parameters b in Eqs. (12) - (16) are calculated from formulas
Here, the formula for computation of T m (9) is rewriten to the discrete form
Steady-State Model
Computation of the steady-state characteristics is necessary not only for a steady-state analysis but the steady state values ( ) s y i also constitute initial conditions in ODRs (12) -(16) (here, y presents some of the variable in the set (12) - (16)). The steady-state model can simply be derived equating the time derivatives in (12) -(16) to zero. Then, after some algebraic manipulations, the steady-state model takes the form of difference equations 
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Here, the formula for computation T m takes the form
SIMULATION RESULTS
The combinations of the inputs and outputs in all simulations of steady-state and dynamic characteristics were considered with respect to an importantance for a prospective control design.
Steady-state Characteristics
Steady-state characteristics were computed from Eqs. (21) - (27) 
Dynamic Characteristics
All dynamic charakteristics were computed using the Runge-Kutta method with a fixed step. All inputs and outputs were considered as deviations from their steady values. This form is frequently used in the control. The deviations are denoted as follows: 
CONCLUSIONS
In the paper, the mathematical model of a tubular chemical reactor with a consecutive exothermic reaction has been presented. The computer models for simulations of steady-state and dynamic characteristics in the form of sets of ordinary differential and difference equations were derived to an original model in the form of partial differential equations The simulation experiments were chosen with a view to a prospective control of the process.
